SUMMARY. A series of experiments are described which show that second derivative spectroscopy can be used to quantify conjugated lipid dienes as markers of lipid peroxidation in heptane extracts of plasma from patients with rheumatoid arthritis, osteoarthritis, and healthy controls. Results obtained by this method gave reasonable agreement with those derived from the measurement of simple absorbance in chloroform/methanol extracts.
A series of experiments are described which show that second derivative spectroscopy can be used to quantify conjugated lipid dienes as markers of lipid peroxidation in heptane extracts of plasma from patients with rheumatoid arthritis, osteoarthritis, and healthy controls. Results obtained by this method gave reasonable agreement with those derived from the measurement of simple absorbance in chloroform/methanol extracts.
Two minima were observed in the derivative spectrum of plasma lipid extracts. These minima occurred at 233 and 241 nm and corresponded to absorbance maxima in the conventional UV spectrum. Using a combination of phospholipase hydrolysis, reverse phase high performance liquid chromatography (HPLC) and second derivative spectroscopy we confirmed that these two minima can be attributed to a single fatty acid (9 cis-,ll trans-linoleic acid) shown previously to account for greater than 90% of diene conjugation in human plasma samples. When the biological isomer 9 cis-,ll trans-linoleic acid was separated by reverse phase HPLC from the mixture of other plasma phospholipid-2-esterified fatty acids we observed a change in derivative spectroscopy minima from 233 and 241 nm to 228 and 237 nm. Minima at the latter two wavelengths were also seen with pure preparations of the Paint Research Isomer (9 trans-,ll trans-linoleic acid) which eluted later than biological 9 cis-,ll trans-linoleic acid using reverse phase HPLC, suggesting that the absorbtion spectra of these pure cis-, trans and trans, trans dienes are similar but can be altered by the presence of other fatty acids in the extra~t.
Additional key phases: rheumatoid arthritis; 9 cis-, I I trans-linoleic acid
The process of free radical-induced autoxidation of polyunsaturated fatty acids results in double bond rearrangement and conjugated diene products (DC) are generated.' At 233 to 235 nm in UV light DC lipids absorb maximally and this property has been used as the basis for their detection in biological samples by simple absorptiometry. However, several difficulties are encountered when using this technique. The precise wavelength of the absorption maximum is difficult to determine and the contribution to absorbance made by native fatty acid or lipid itself cannot be eliminated since DC absorption represents a small shoulder on the stronger absorption spectrum of the native lipid. Such problems may be eliminated using the technique Correspondence: Dr R D Situnayake, Department of Rheumatology, Dudley Road Hospital, Birmingham BI8 7QH, UK.
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of derivative spectroscopy (DS) which measures the change of absorbance during wavelength scanning. A first derivative spectrum represents change in absorbance units per nanometer of wavelength plotted against wavelength. The second derivative spectrum is the derivative of the first, representing change in absorbance per nrrr' plotted against wavelength. The minima observed in the DS spectrum represent absorbance maxima in the conventional UV spectrum. DS spectra still obey Beer's law, provided the original absorption spectra follow this law, and have the advantage that the difference between adjacent maxima and minima in the DS spectrum can be used as a measure of concentration with a curved baseline such as that encountered when measuring conjugated dienes. ' Corongiu and Milia' validated the use of this technique to determine total conjugated dienes in autoxidised fatty acids and suggested their method could be used for biological material. In another report, the same group applied this technique to the study of the products of carbon tetrachloride-induced heptotoxicity in rats since carbon tetrachloride is known to generate hepatic lipid peroxidation.':" In timed samples taken following poisoning, absorption minima appeared first at 242 nm and later at 233 nm. Based on previous studies which showed that arachidonic acid and linolenic acid autoxidation generated cis, trans-hydroperoxides which absorb maximally at 236 nm and trans, trans products that absorb maximally at 232·5 nm,5.6 they attributed the absorbance minima at 242 and 233 nm in hepatic lipid extracts to mixtures of cis, trans and trans, trans diene hydroperoxides, respectively.
The compounds responsible for diene conjugation in human serum, bile and duodenal juice have also been investigated using high performance liquid chromatography coupled with UV detection at 234 nm. 7 The conjugated diene isomer of linoleic acid (9, 11 linoleic acid) was found to account for most of the DC in human biological material':" and gas chromatography -mass spectroscopy studies of Diels Alder adducts suggest that the double bonds at the 9 and 11 position are in the cis, trans configurations.? In order to evaluate this new technique we used both DS and simple absorptiometry to measure total diene conjugation in human plasma. Patients with rheumatoid arthritis, osteoarthritis and healthy controls were chosen for study since several studies have detected lipid peroxidation in biological samples from patients with rheumatoid arthritis":" and evidence of this type has been used to implicate free radicals in the pathogenesis of this condition. The biologcial 9 cis-, II trans-linoleic acid isomer was not commercially available, so the stereoisomer of this fatty acid, 9 trans-,ll trans-linoleic acid (G N Smith, Department of Chemistry, University of Manchester, personal communication), provided by the Paint Research Association (PRI) was used to standardise the assay.
MATERIALS AND METHODS

Subjeds
Plasma was obtained during the course of two studies and was stored at -70°C for up to 3 months before analysis. Preliminary experiments had determined that samples remained stable for at least 3 months at this temperature.
Group 1 included six patients with rheumatoid arthritis, mean age 62 years (range 45 to 72 years), three of whom discontinued non-steroidal
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anti-inflammatory (NSAID) drugs, three patients with osteoarthritis, mean age 71 years (range 58 to 86 years) and three healthy volunteers of mean age 26 years (range 25 to 29 years). Up to six samples were taken over a 2 week period from each individual. A total of 70 samples were obtained. The study formed part of a larger project investigating the effect ofNSAID withdrawal on renal function.
Group 2 included samples obtained during a comparative study investigating chain breaking antioxidant status in 20 patients with RA of mean age 53·9 years (SD 11·8 years) and 20 age and sex matched healthy controls, mean age 53·3 years (SD 11·2 years). Both studies had local Hospital Ethical Committee approval.
Lipid extraction procedures Lipid extraction of specimens from both groups was performed using the method of Burton and Ingold" prior to measurements of DC using derivative spectroscopy. Plasma (0,25 mL) was mixed with an equal volume of sodium dodecyl sulphate (SDS) 10mmol/L (BDH specially purified for biochemical work). Following this, 0·5 mL of spectroscopic grade ethanol (Spectrosol) was added and vortex mixed for 2 min. One mL of heptane was then added (HPLC grade S, Rathburn Chemicals, UK) and mixed for a further 2 min. After centrifugation at 3000 rpm (MSE, Mistral) for 15min at 4°C the heptane layer was removed for derivative spectroscopy (vide infra). Under these conditions lipid extraction efficiency was not significantly different from the traditional method of Folch (77% cf 80%). 13 For subjects in Group 2 only, 0'5mL plasma samples were also extracted according to the method of Folch 13 using a mixture of chloroform and methanol (both spectroscopic grade, DDH) in the ratio 2: I. After centrifugation the lower organic layer was removed and used for measurement of DC by simple UV absorptiometry (vide infra).
High performance liquid chromatography (HPLC) separation and quantification of fatty acids All solvents used were HPLC grade S obtained from Rathburn Chemicals, UK, unless otherwise stated. An aliquot of 9(t), 11(1) linoleic acid (PRJ) in heptane (30'04 J.lmol/L) was blown down under nitrogen and resuspended in an equal volume of propan-Z-ol/acetonitrile 2: I (V:V). The concentration of 9(t),11(t) linoleic acid had been precisely determined in this preparation by HPLC.
14 Twenty J.lL were injected on to a Spherisorb ODS2 250 x 4 mm column containing 5 J.lm capped spherical particles (Hichrom, Reading, Berks, UK) via a rheodyne injection valve. Twin UV detectors (Laboratory Data Control, Staffs) were set in series to read at 234 and 205 nm, respectively. Mobile phase (acetonitrile/water/acetic acid-90:1O:0'1) was pumped at a flow rate of 2 mL/min using a Constametric II reciprocating pump. Detector sensitivity settings at 234 and 205 nm were 0-0'02 Aufs and 0-0·2 Aufs, respectively. Response factors were determined by peak area (CI-IO Computing Integrators) injecting a separate standard with an assigned known value. A single peak was obtained on chromatography measuring UV absorbance at 234 nm confirming the absence of contaminating conjugated diene stereoisomers.
Studies of plasma phospholipid 2 esterified fatty acids Serum O' 5 mL was mixed with O' 5 mL of a solution containing 0·1 mol/L Tris (pH 8'9), I mol/L methanol and 500 units/L phospholipase A2 (EC 3.1.4 Sigma, Poole, UK) to hydrolyse phospholipid-2-esterified fatty acids. 14 The resulting mixture was incubated at 25°C for IS min and 2 mL of methanol containing 0·5% acetic acid was then added to precipitate protein.
The mixture was vortex stirred for I min and centrifuged at 3000 rpm in a bench top centrifuge for 10min at room temperature. The supernatant was applied to a 3 cc solid phase sample preparation column (Bond Elut, Analytichem, International) that had been twice washed with 2·5 mL of propan-z-oljacetonitrile 2:1 (V:V) and conditioned twice with 2·5 mL of a wash solution of methanol/water/acetic acid (670:330:0'4) immediately before use. The 'Bond Elut' column was then washed again after the sample had been applied by a suction apparatus and eluted with I mL propan-z-ol/acetonitrile 2:1 (V:V). Eluate, O' 5 mL, containing a mixture of de-esterified fatty acids was evaporated to dryness under nitrogen and taken up in an equal volume of heptane for derivative spectroscopy (sample A).
Of the remaining 0·5 mL eluate, 20 J.lL was used for HPLC analysis as previously described for measurement of 9(t),II(t) linoleic acid. Six injections were performed and the column eluate corresponding to the biological 9(c),II(t) linoleic acid isomer (retention time 5,5-5·7 min) was collected, pooled, evaporated to dryness under nitrogen and taken up in 0·5 mL heptane for derivative spectroscopy (sample B).
For samples obtained from subjects in group 2, plasma phospholipid-2-esterified 9(c), II (t) linoleic, arachidonic, linolenic and 9,12 linoleic acids were measured by HPLC after phospholipase hydrolysis using the conditions previously described. 14 Response factors for arachidonic, linolenic and linoleic acids were determined by direct injection using freshly prepared external standards of each fatty acid (Sigma, UK) monitoring absorbance at 205 nm. 9(t), II (r) linoleic acid standards (PRI) were used to derive response factors for 9(c),II(t) linoleic acid at 234 nm.
Derivative spectroscopy of 9(t),l1(t) linoleic acid in heptane 9(t), II(t) linoleic acid in heptane (30,04 J.lmol/L) was used to prepare a standard curve by serial dilution. Preparations of 9(t),II(t) linoleic acid were transferred to optically matched quartz cuvettes using heptane for the reference cell. Second derivative spectroscopy was performed with a Shimadzu double beam scanning spectrophotometer. Operation settings were as follows; absorbance range ±0·05 to ±0·2 full scale, scan range 250 nm to 220 nm, scan speed fast, scale 5 nrn/cm, slit width 2 nm. A full scale deflection was equivalent to ISO mm on the print out. Sample and reference cells were first scanned over the operating spectrum and a background correction 'memorise' adjustment performed to account for any minor differences between cuvettes. Fatty acid preparations were then scanned for ab'sorbance and the second derivative spectra printed on a chart recorder. Absorption maxima in the conventional sense appear as minima using second derivative spectroscopy. Peak height (mm) was measured between double derivative (DD) minima and the adjacent DD m ax at the higher wavelength.
Derivative spectroscopy of plasma lipid extract in heptane and addition of 9(t),l1(t) linoleic acid One mL plasma was extracted into 4 mL heptane as described." 9(t),II(t) linoleic acid was added to 0·5 mL of the extract and the volume adjusted to 1·0 mL with heptane to give a range of concentrations from 3·54 to 15·92J.lmol/L. Thus, at each dilution 9(t),11(t) linoleic acid was.prepared in 50% (V:V) heptane plasma lipid extract. For each sample measurements of conjugated dienes were made using derivative spectroscopy as described.
DC measurement by absorptiometry After chloroform/methanol extraction of plasma, the absorbance at 245 nm (A 245 ) of the organic layer was determined according to the method of Lunec et al.
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r. for plasma lipid extract occur at 233 and 241 nrn corresponding to absorbance maxima at these wavelengths in the UV spectrum. The addition of 9(1), II (1) linoleic acid causes a shift in the DD minima at 233 and 241 nm to 228 and 237 nm, respectively. Table 2 shows the effect of adding 9(1),11(1) linoleic acid to heptane extracts of plasma on the DD response at 228 nm. The stanDerivative spectroscopy of plasma lipid extract in heptane and addition of 9(t),I1(t) linoleic acid Figure 3 shows the results of second derivative spectroscopy on heptane plasma lipid extract with and without addition of 9(t),II(1) linoleic acid (PRI). The absorbance spectra have been superimposed and it can be seen that DD minima Lipid measurements Measurements of serum cholesterol and triglycerides were made using enzymatic kits Merck 14138/40 and Merck 14123/4, respectively.
.
Reproducibility
The reproducibility and stability of DC measurement by derivative spectroscopy were determined during routine use of the asaay. Five aliquots of control serum were stored at -70°C and assayed within a larger batch of samples at monthly intervals for a period of 5 months. Within and between batch coefficients of variation were less than 6% and less than 10%, respectively.
RESULTS
Derivative spectroscopy of 9(t),I1(t) linoleic acid (PRJ) in heptane
A typical trace of 9(1),11 (t) linoleic acid (30'04 jlmol/L) is shown in Fig. I . Measurements of peak height were made from minima to adjacent maxima at the higher wavelength from a print out on which a full scale deflection represented 150mm. Two minima were seen with this preparation (DD m nm and DD m nm) despite the observation of a single peak on HPLC. Table I and Fig. 2 show the results of second derivative spectroscopy on heptane preparations of 9(t), II (1) linoleic acid between 1·8 and 30·04 jlmol/L. There was a linear relationship between 9(t), II (t) linoleic acid concentration and peak height with a coefficient of 3·01 mm/jlmol/L (detector sensitivity ± 0·2 Aufs).
Statistics
Linear regression was performed using a statistical package for microcomputers (SPP, Timberlake Clarke 
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-0 dard curve was linear (Fig. 4) , however the limit for detection of added 9(t),II(t) linoleic acid was 5·31 J.lmol/L. At this concentration and below the second derivative signal was identical to 50% plasma lipid extract alone (27 mm, detector sensitivity ± 0·1 Aufs). Using this standard curve a coefficient of 6·83 mm/J.lmol/L 9(t),11(t) linoleic acid was obtained (equivalent to 3·41 mm/J.lmol/ L using a detector sensitivity of ± 0·2 Aufs). The presence of plasma thus made no signficant difference to the response factor for added 9(t), II (t) linoleic acid. Figure 5 shows the superimposed UV and second derivative spectra of samples of phospholipid-2- esterified fatty acids after hydrolysis with phospholipase A2 before (B) and after (A) preparation of the conjugated diene fraction by HPLC. The minima seen at 233 nm of the fatty acid mixture (sample B) shifts to 228 nm following preparation of the conjugated diene fraction Scans were performed using absorbance range ± 0·1 Aufs (150mm on hard copy), scan range 220-3OOnm, scale 10 nm/em, slit width 2 nm, scan speed fast. Figures shown are the measured differences between the minimum at 228 nm and the adjacent maximum at the higher wavelength. 625  875  1125  1375  1625  75  10  125  15  175 9(t),II(t) LA (flmol/Ll
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Comparisons of derivative spectroscopy with traditional methods based on simple absorptiometry
Results for derivative spectroscopy gave good correlation with those obtained independently using the chloroform/methanol extraction method of Folch and measurement of absorbance at 245 nm (Fig. 7 , r = 0,82, n = 70, (sample A) and is almost identical to the DD spectrum of 9(t), II (r) linoleic acid (shown in Fig.  6 ). This is in contrast to the findings of Chan and Levitt" who found that for conjugated diene linoleate hydroperoxides absorption maxima (i.e. DD minima) of (c,t) isomers occurred at a greater wavelength compared to (t,t) isomers (236 and 233 nm, respectively). Table 3 show significant correlations between total dienes and cholesterol, triglycerides and phospholipid 9(c),II(t) linoleic acid. Weaker correlations were seen with phospholipid-2-esterified arachidonic and linolenic acids but not with 9,12 linoleic acid. For plasma samples obtained from subjects in group 2 a highly significant relationship was seen between DD signals at 233 and 241 nm (Fig. 8 , r = 0,988, P < 0,0001).
DISCUSSION
These experiments confirm that total conjugated dienes can be measured by derivative spectroscopy in plasma extracted using SDS:ethanol: heptane according to the method of Burton and Ingold.'! Standard addition of 9(t),11(t) linoleic acid to a 50% heptane extract of plasma gave a linear detector response at DD min 233 nm with the same slope (3-42 and 3·01 mm/Ilmol/L, respectively) as preparations of 9(t),II(t) linoleic acid alone (Figs 2 and 3) . The spectra of pure plasma extracts possessed a DD minimum at 233 nm compared with a value of 228 nm for plasma extracts to which 9(t),II(t) linoleic acid was added. The HPLC purification of plasma 2-esterified 9(c),ll(t) linoleic acid induced a similar change (DD 233 -> DD 228 ) suggesting that this shift was due to the combined contribution to absorbance made by other unsaturated phospholipid-2-esterified fatty acids. Esterification itself would seem unlikely to be capable of inducing such a change since a DD minimum of 233 nm was still observed when extracted, de-esterified fatty acids were analysed before HPLC purification of the DC fraction (Figs 5 and 6 ).
These findings, together with. previous studies.P:" suggest that DD minima at 233 nm in plasma reflect the presence of 9(c),II(t) linoleic acid. Our observation that both 9(t),II(t) linoleic acid and the HPLC fraction containing 9(c),ll(t) conjugated dienes from serum phospholipids possess DD minima at approximately the same two wavelengths (228 and 237·5 nm), would appear to contradict the findings of Chan and Levitt" who found that for conjugated diene linoleate hydroperoxides UV absorption maxima of cis, trans-isomers differed from those of trans, trans-isomers (236 and 233 nm, respectively). The present results may be explained by the fact that 9(c),II(t) linoleic acid is not a hydroperoxide since it lacks molecular oxygen outside the carboxyl group. ' In our studies of rheumatoid patients and controls in Group 2 the second derivative signal observed at 241 nm was found to correlate very closely with the signal at 233 nm (r = 0'99, Fig.  8 ). The spectra representing diene conjugation did not differ between the two groups either qualitatively or quantitatively and these findings will be reported more extensively elsewhere. Furthermore, the spectrum of the conjugated diene 9(t), II (t) linoleic acid, which eluted as a single peak on HPLC, possessed these same two DD minima suggesting that the two minima when observed in plasma, are characteristics of a single compound. Liver microsomal preparations from carbon-tetrachloride poisoned rats have also been shown to possess an absorbance minimum at 241 nm? attributed to cis-, transconjugated diene hydroperoxides. Our findings in plasma suggest that this minimum can be attributed to 9(c),II(t) linoleic acid. We have found that hepatic lipid extracts from patients abusing alcohol also possess these same two DD minima but in contrast to the present report a much weaker correlation between signals at 233 and 241 nm was observed. These findings indicate that under pathological conditions in the liver, in addition to 9(c), 11(t) linoleic acid cis-, trans-conjugated diene hydroperoxides may be generated, thus distorting the relationship between the two DD minima observed in plasma.
Despite methodological differences, the determination of plasma total conjugated dienes by second derivative spectroscopy gave good correlation with simple absorbance measurement at 245 nm in Folch extracts of plasma and acceptable figures for inter-and intra-batch variation. Derivative spectroscopy measurements were found to correlate significantly with serum lipids and particularly phospholipid-2-esterified 9,11 linoleic acid, though weaker correlations with the other unsaturated 2 esterified fatty acids linolenic and arachidonic acid, were seen (Table 3 ). These observations confirm that conjugated diene measurements should be corrected for lipid concentration.
Double derivative spectroscopy is a useful addition to the methodology available for measure-ment of conjugated dienes in biological material. Since it eliminates the problems encountered with traditional methods due to the variable contribution to simple absorbance made by native lipid itself, this method may be superior. The method of lipid extraction is both fast and efficient" and also provides suitable samples for the analysis of vitamin E, vitamin A and carotenes often required in studies investigating free radical mechanisms.":" This method is therefore particularly suited to measurement of conjugated dienes and antioxidant vitamins in population studies.
